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SUMMARY 

F i n a l  system tes t  r e s u l t s  of t h e  Analyzer Tube S e r i a l  2 C  a r e  c o n t a i n e d  i n  t h i s  
r e p o r t .  The a n a l y z e r  was t e s t e d  f o r  s e n s i t i v i t y ,  r e s o l u t i o n  and t o p  t o  b a s e ,  
r a t i o ,  p e r c e n t  of t r a n s m i s s i o n  from s o u r c e ,  e l e c t r o n  beam w i d t h ,  c e n t e r  f r equency  
of each  mass,  f i l a m e n t  power v e r s u s  t i m e ,  c u r r e n t  d i s t r i b u t i o n  v e r s u s  v o l t a g e ,  
and r e c o r d i n g  of t h e  o p e r a t i n g  p o t e n t i a l s .  S e v e r a l  f i l a m e n t  changes were made 
d u r i n g  t h e  performance of t h e  tes ts .  The f i n a l  f i l a m e n t  was a tungsten-rhenium 
a 1 loy  wire. 
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1. PRELIMINARY ADJUSTMENTS 

The e l e c t r o n  gun and i o n  source  v o l t a g e s  were f i r s t  a d j u s t e d  f o r  optimum 
o p e r a t i n g  c o n d i t i o n s .  Th i s  was performed a f t e r  a s t a b i l i z i n g  p e r i o d  of  
sou rce  and f i l a m e n t  o p e r a t i o n .  The i n i t i a l  p e r i o d  was f o r  38 hours .  During 
t h i s  p e r i o d ,  t h e  p r e s s u r e  w a s  approximately 1 x t o r r  and t h e  f i l a m e n t  
was c y c l e d  on and o f f  a t o t a l  of  50 t imes.  

The e l e c t r o n  gun and source  v o l t a g e s  and c u r r e n t s  were m a i n t a i n e d  as fo l lows .  
A t  58 t u rn -ons  and ET o f  41 h o u r s ,  t h e  system was ven ted  i n  o r d e r  t o  check 
t h e  i o n  source  f o r  d e p o s i t s  and t h e  f i l a m e n t  f o r  a l ignmen t .  Both were d e t e r -  
mined t o  be p rope r  and t h e  system was p u t  back on t h e  vacuum system. A t  a n  
e l a p s e d  t ime  of  47 hours ,  i t  was decided t o  change t h e  f i l a m e n t  t o  uncoa ted  
rhenium wi re ,  T h i s  was done i n  o r d e r  t o  s e e  i f  t h e r e  was an e f f e c t ,  due t o  
age,  of  uneven lanthanum c o a t i n g .  Th i s  was suspec ted ,  as t h e  anode c u r r e n t  
had d e c r e a s e d  t o  approx ima te ly  15 microamps and t h e  r a i l  c u r r e n t  had gone 
up. The f i r s t  f i l a m e n t  l a s t e d  o n l y  two h o u r s ,  a t  which t ime i t  f r a c t u r e d .  
T h i s  was t h e  f i r s t  t i m e  t h a t  a t r u e  45" f r a c t u r e  o f  f i l a m e n t  w i r e  had been 
obse rved .  The source  was then  r e t u r n e d  t o  normal o p e r a t i o n  by t h e  i n s t a l l a -  
t i o n  of  t h e  uncoated rhenium wire.  Another f i l a m e n t  w a s  i n s t a l l e d  and a 
s m a l l  s l o t  m i l l e d  through t h e  f i l a m e n t  s h i e l d  s o  t h a t  t h e  f i l a m e n t  a l ignmen t  
could be  checked o p t i c a l l y  a f t e r  complete assembly. The system was sub- 
s e q u e n t l y  found t o  o p e r a t e  normally a n d  performance d a t a  t aken .  

T h i s  f i l a m e n t  and a n o t h e r ,  each a f t e r  approximately two hour s  of  o p e r a t i o n ,  
f r a c t u r e d ,  The l a s t  f i l a m e n t  i n s t a l l e d  w a s  an uncoated tungsten-rhenium 
a l l o y  3 m i l  w i r e .  Approximately t h r e e  hour s  o f  o p e r a t i o n  were accumulated 
on t h i s  f i l a m e n t  w i r e  p r i o r  t o  shipment.  
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2. TESTING PROGRAM 

The completed a n a l y z e r  assembly, l e s s  the 150cc Var i an  Vacion pump and i n l e t  
l e a k  assembly, was s u b j e c t e d  t o  t h e  fo l lowing  t e s t s  and measurements:  

S e n s i t i v i t y  
R e s o l u t i o n  and t o p  t o  base r a t i o  
P e r c e n t  t r a n s m i s s i o n  from source 
E l e c t r o n  Beam width 
Center  f r e q u e n c i e s  of  each mass (m/e 18, 28, 32, 40 and 44)  
Fi l amen t  power v e r s u s  t ime 
Cu r r e n t  d i  s t r i b u  t i on v e r  su s vo 1 t age 
Recording of t h e  o p e r a t i n g  p o t e n t i a l s  

A l l  t e s t s  were performed w i t h  a n  anode c u r r e n t  o f  40-50 microamps and a c c e l e r a -  
t o r ,  r e p e l l e r ,  and r a i l  c u r r e n t s  e s s e n t i a l l y  z e r o .  

The r e s u l t s  of  t h e s e  t e s t s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

2 .1  SENSITIVITY 

The s e n s i t i v i t y  t e s t  was conducted u s i n g  m/e 28 as t h e  measuring s t a n d a r d .  
s can  was made f o r  a s e r i e s  of p r e s s u r e s  beg inn ing  w i t h  a background p r e s s u r e  o f  
8 .9  x t o r r .  

A 

A p l o t  o f  t h i s  d a t a  i s  shown i n  Figure 2-1.  S ince  t h e  sou rce  was s e n s i t i v e  t o  
p r e s s u r e  changes,  t h e  anode c u r r e n t  was r e a d j u s t e d  a t  each  of t h e  p r e s s u r e  
s e t t i n g s  t o  e x a c t l y  50 microamps. 

2 .2  RESOLUTION AND TOF-TO-EASE PATLO 

A p a r t i a l  s p e c t r a l  scan was made fo l lowing  t h e  i n t r o d u c t i o n  of  an oxygen sample 
( s e e  F i g u r e  2-2) .  The measured top - to -base  r a t i o  from t h i s  s c a n  i s  0.395. The 
r e s ~ l i i t i o n  based on t h e  t h e o r e t i c a l  base wid th  i s  one p a r t  i n  20. 

2 . 3  PERCENT TRANSMISSION FROM SOURCE 

The c u r r e n t  c o l l e c t e d  on t h e  n o z z l e  was compared t o  m/e 28  c u r r e n t  a t  t h e  
c o l l e c t o r  end of t h e  a n a l y z e r .  Both measurements were made w i t h  K e i t h l e y  
e l e c t r o m e t e r s .  t h e  m / e  28 c u r r e n t  was .04 x 10-l '  
amps, and t h e  n o z z l e  c u r r e n t  was .03 x amps. Th i s  r e p r e s e n t s  approx i -  
m a t e l y  50% t r a n s m i s s i o n  and i s  somewhat h i g h e r  t han  measured on p r i o r  s o u r c e s .  

For a n  IT of 100 microamps 
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2.4 ELECTRON BEAM WIDTH 

The e l e c t r o n  beam wid th  was determined by a d j u s t i n g  t h e  quadrupole  b i a s  v o l t a g e  
above t h e  a c c e l e r a t o r  v o l t a g e  t o  t h e  p o i n t  o f  mass peak c u t o f f .  
t h e  beam wid th  was determined t o  be  19.0 v o l t s .  

I n  t h i s  manner, 

Data showing t h e  e f f e c t  on system performance of  v a r y i n g  quadrupole  b i a s  above 
a c c e l e r a t o r  p o t e n t i a l  i s  shown i n  F igu re  2-3. 

2 . 5  CENTER FREQUENCIES FOR EACH MASS 

The system was a d j u s t e d  f o r  50 microamps emiss ion  and a p p r o p r i a t e  g a s  samples  
i n t r o d u c e d .  The c e n t e r  f requency  f o r  each o f  t h e  mass peaks was de termined  
by measuring t h e  f requency  on e i t h e r  s i d e  o f  t h e  peak t o p .  The c o n d i t i o n s  of  
o p e r a t i o n  were: 

Vdc = t 3 8  and Vac = 175 RMS 

The c e n t e r  f r e q u e n c i e s  were: 

Mea s u r  e d 

m / e  18 Not measured 

m/e 28 2.236-2.211 = 2.223 

m / e  32 2.082-2.051 = 2.066 

m / e  40 Not measured 

n?/e 44 1.770-1.750 = 1.760 

Theore t i c a l  

2 . 7 8  MHZ 

2 .23  

2.04 

1.87 

1 .78  

2 .6  FILAMENT POWER 

The f i l a m e n t  power was recorded  p e r i o d i c a l l y  bu t  on ly  a s  a f u n c t i o n  of  t h e  
f i l a m e n t  c u r r e n t  r e q u i r e d  f o r  100 microamps t o t a l  emission.  T h i s  r e c o r d  began 
w i t h  465 mi l l i amps  r e q u i r e d  f o r  a11 ion source  w i t h  nominal v o l t a g e  s e t t i n g s .  
A f t e r  t h e  i o n  source  and e l e c t r o n  gun were tuned up and a i l  voltage s e t t i n g s  
op t imized ,  t h e  f i l a m e n t  c u r r e n t  was reduced t o  410 mi l l i amps .  

This  f i l a m e n t  c u r r e n t  was o b t a i n e d  us ing  a coa ted  rhenium w i r e .  Three  uncoated  
rhenium w i r e s  were subsequenciy i iaed .  The f i l a m e n t  c u r r e n t  f o r  t h e s e  wires 
ranged  from 780 t o  800 mi l l i amps .  The i n s t r u m e n t  was sh ipped  with a tungs ten -  
rhenium f i l a m e n t  (75% W - 25% Re) which r e q u i r e d  890 mi l l i amps  f i l a m e n t  c u r r e n t  
f o r  100 microamps t o t a l  emiss ion .  

A p l o t  of  t h e  r e s u l t s  i s  shown i n  F igure  2-4. 
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. 
2.7 CURRENT DISTRIBUTION VERSUS PRESSURE 

The v o l t a g e  p o t e n t i a l  of e a c h  e l e c t r o d e  was v a r i e d  t o  produce a ?lo% change 
i n  I The r e s u l t s  a r e  no ted  i n  Table 2-1 .  

I 

anode 

TABLE 2 - 1  

Voltage (Vo l t s )  R e l a t i v e  t o  Ground 

- - + - Norma 1 

Ra i l  I +308 2 317 .1  300 
R a i l  I1 +312.4 316.8 300.3 

249.6 
250.4 

E l e c t r o n  Focus I +253.7 268.0 
E l e c t r o n  Focus I1 +264.4 267.4 
E l e c t r o n  A c c e l e r a t o r  - A c c e l e r a t o r  +306.4 310.1 302 
Fi l amen t  S h i e l d  +193.6 196.8 189.8 
R e  pe 1 ler +334.5 335.3 333.3 

2.8 OPERATING POTENTIALS. 

The p o t e n t i a l s  noted i n  t h e  above t a b l e  were r eco rded  a s  normal f o r  t h e  
i n s t r u m e n t  . 
This  f i l a m e n t  c u r r e n t  was o b t a i n e d  us ing  a c o a t e d  rhenium wire .  Three uncoated 
rhenium wires were s u b s e q u e n t l y  used.  The f i l a m e n t  c u r r e n t  f o r  t h e s e  wires 
ranged from 780 t o  800 m i l l i a m p e r e s .  The i n s t r u m e n t  was sh ipped  w i t h  a t ungs t en -  
rhenium f i l a m e n t  (75%W - 25% R e )  which r e q u i r e d  890 m i l l i a m p e r e s  f i l a m e n t  
c u r r e n t  f o r  100 microamperes t o  t a  1 emission.  
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